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Abstract

We synthesize strong ground motion at three sites from a M=7.2 earthquake along the
NW-trending Gulf of Cornith seismic zone. We model rupture along an 80 segment of the zone
The entire length of the fault, if activated at one time, can lead to an event comparable to that of
the 1995 Kobe earthquake. With the improved digital data now routinely available, it becomes
possible to use recordings of small earthquakes as empirical Green’s functions to synthesize
potential ground motion for future large earthquakes. We developed a suite of 100 rupture scenar-
ios for the earthquake and computed the commensurate strong ground motion time histories. We
synthesized strong ground motion with physics-based solutions of earthquake rupture and applied
physical bounds on rupture parameters. The synthesized ground motions obtained are source and
site specific. By having a suite of rupture scenarios of hazardous earthquakes for a fixed magni-
tude and identifying the hazard to a site from the statistical distribution of engineering parameters,
we have introduced a probabilistic component to the deterministic hazard calculation. The time
histories suggested for engineering design are the ones that most closely match either the average

or one standard deviation absolute acceleration response values.

Introduction

Realistic time histories should be used to
reduce uncertainties in estimation of standard
engineering parameters (Hutchings, 1991) and
for nonlinear dynamic analysis of structures
(McCallen and Hutchings, 1996). Here we
present a methodology for developing realistic
synthetic strong ground motions for specific

sites from specific faults. We hypothesized a
M=7.2 earthquake (moment magnitude, Hanks
and Kanamori, 1979) that ruptures 80 km
along the Gulf of Corinth seismic zone (Figure
1) as an example of a design earthquake calcu-
lation. The length of the fault, if activated at
one time, can lead to an event comparable to
that of the 1995 Kobe earthquake. We synthe-
size strong ground motion at three sites: 2, 8,
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Figure 1. Map showing the area of Greece that is being studied. The triangles show the
three station locations, XL.C and NAU, and KOR. The star is the epicenter of the Ms=6.7
24 February 1981, Corinth, central Greece earthquake, the short line segment is the surface
intersection of the rupture plane of that earthquake, and the longer line segment is the sur-
face intersection of the rupture plane of the hypothesized M7.2 earthquake.

and 48 km from the hypothesized fault (Table
1 and Figure 1).

Realistic time histories should include the
effects of geologic conditions along the propa-
gation path from the fault and at the site itself.
Geologic conditions can significantly alter the
amplitudes of seismic energy, and can cause
focusing and scattering of energy. Also, at sites
close to large faults it is critical to account for
the effects of finite fault rupture. These include
seismic arrivals radiated from portions of the
fault that can be tens of kilometers apart and
arrive at the same time, and directivity effects
that can significantly enhance or diminish
amplitudes of the wave field. In addition, the
superposition of direct and scattered body-
waves and surface-waves will result in an
extremely complicated wavefield and should
be modeled. To model all these affects we syn-
thesize strong ground motion with physics

based solutions of earthquake rupture that uti-
lize empirical Green’s functions and apply
physically based rupture parameters. We have
developed an exact solution to the representa-
tion relation for finite rupture that utilizes
either empirical or synthetic Green’s functions
(Hutchings and Wu, 1990; Hutchings, 1991;
Jarpe and Kasameyer, 1996). Here, we use
recordings of small earthquakes to provide
empirical Green’s functions for frequencies
0.5 to 5.0 Hz, and analytical calculations to
provide synthetic Green’s functions for fre-
quencies 0.05 to 0.5 Hz. We synthesize the
entire wavetrain and for three components.
Site soil can also significantly affect ground
motions with non-linear effects, but here we
only present linear ground motions that might
be expected at a rock outcrop.



Table 1: Strong Motion Sites

Site | Latitude | Longitude | Distance
XLC | 38.08 22.63 2 km
NAU | 38.40 21.83 48
KOR | 37.93 22.93 8

Gulf of Corinth

The Gulf of Corinth (Figure 1) occupies a zone
of crustal extension which is an integral part of
the Aegean Orogene and has long been recog-
nized as a graben structure (or rift valley)
formed by normal faulting (Tselentis and Mak-
ropoulos, 1986). It is approximately 150 km
long and 20 km wide. Tselentis and Mak-
ropoulos (1986) studied the deformation in the
gulf. Their interpretation is that the variation in
stress directions indicates that two different
tectonic processes control the evolution of the
Corinth rift. The first involves westward
obduction of the Peloponnesos with a clock-
wise rotation, which explains the eastward
widening of the Gulf. The second process is
related to crustal arching along an axis trend-
ing roughly E-W. Vertical movement is
restricted mainly to a relatively narrow crustal
zone and has resulted in northward and south-
ward tilting (Tselentis and Makropoulos,
1986).

The Gulf of Corinth has long been known as a
region of pronounced seismicity, with

- expected maximum earthquake magnitude Ms
= 7.2 (Drakopoulos and Makropoulos, 1983).
Several historical events occurred along the
Gulf of Corinth seismic zone; 26 earthquakes
with M 2 5.0 have occurred since 1902. The

Ms=6.3, 1928 Corinth earthquake caused con-
siderable damage in and around the town of
Corinth (Drakopoulos et al., 1978). The
Ms=6.7 24 February 1981, Corinth, central
Greece earthquake; two Ms=6.4 aftershocks,
on 25 February and 4 March are the largest
recent earthquakes to occur in the seismic
zone; and significant surface faulting and geo-
morphoical changes have been observed (Vita-
Finz and King, 1985; Jackson et al., 1982;
Stavrakakis, 1982). Tselentis and Makropou-
los (1986) evaluated focal mechanism solu-
tions from all available historicasl earthquakes
and concluded that the principle stress is north-
south extension. Ioannidou (1989) recalculated
moment tensor solutions for all moderate and
large greek earthquakes for the years 1965-
1988 and found that the principle stress orien-
tation in the gulf Corinth to be north-south
extension.

Source Models

The synthesis approach uses empirical Green’s
functions solely to obtain the Green’s func-
tions of the representation relation, thereby
allowing for completely synthetic rupture
models (Wu, 1978; Hutchings and Wu, 1990).
Thus, no a priori assumptions are imposed on
the rupture process, and a suite of kinematic
rupture models can be used.

Several observations indicate that many earth-
quakes are in fact complex or multiple events
(Wyss and Brune, 1967; Wu and Kanamori,
1975; Fuko and Furumoto, 1975). Complex
events have also been proposed in the numerical
modeling of faulting with variable strength by
Das and Aki, 1977; Mikumo and Miyatake,
1978. We model the 24 February 1981, M=6.7
Corinth, central Greece, earthquake with a
complex rupture model developed by
Stavrakakis et al. (1982) and Jackson et al.
(1982). We use results from this calibration



study to provide constraints on modeling the
larger M=7.2 hypothesized earthquake.

We model the rupture process as a continuous
rupture over fault segments with variable slip
amplitude. Areas of high slip are called asperi-
ties. Typically, we include one to several asperi-
ties for a rupture model. This asperity model is
consistent, within the frequency range of resolu-
tion, with inversion studies that show few to
several area of high slip amplitude (Wald et. al.,
1990, 19091, 1993, 1995; Beroza and Spudich,
1988; Hartzell and Heaton, 1988; Hartzell
1989) and with what is known from dynamic
rupture models about how earthquakes rupture
(Rice and Ruina, 1983; Kostrov and Das,
1988). However, these studies only resolve fault
slip histories up to spatial resolutions of a cou-
ple of kilometers and frequencies up to one
hertz. Nevertheless, our method provides good
fits to observed seismograms up to 25 Hz when
these models are used.

Most empirical Green’s functions synthesis
approaches model fault rupture as a composite
of smaller earthquakes, which have a multitude
of small events rupturing independently over the
fault surface (Hartzell, 1978; Hadley and
Helmberger, 1980; Irikura, 1983; Papageorgiou
and Aki, 1983; Munguia and Brune, 1984;
Joyner and Boore, 1986; Boatwright, 1988;
Wennerberg, 1990; and, Aki and Irikura, 1991).
There is little physical or empirical basis for
composite models of earthquakes with this
degree of complexity. Also, composite models
of faulting rely on scaling relations of earth-
quakes to determine the number of small earth-
quakes necessary to synthesize a large
earthquake, and have a difficulty in matching
the low and high frequency of synthesized seis-
mograms to observed records (Joyner and
Boore, 1986; Boatwright, 1988; Tumarkin et.
al., 1994; Frankel 1995). Our modeling
approach only requires that the number of small

earthquakes used in the synthesis is such that
the sum of their moments add up to the moment
of the large earthquake, which matches.the low
frequency of observed seismograms. The high
frequency is matched simply by using appropri-
ate rupture parameters (Hutchings, 1994).

We developed a suite of 100 rupture scenarios
for the hypothesized M=7.2 earthquake on the
Gulf of Corinth fault zone and computed the
commensurate strong ground motion time his-
tories.The scenarios were developed by ran-
domly varying rupture parameters within a
range of physical limits obtained from inde-
pendent research. This approach is useful if the
range of possible fault rupture histories is nar-
row enough to functionally constrain the range
of strong ground-motion predictions. Log-nor-
mal average and one standard deviation values
of peak acceleration, pseudo-velocity
response, and absolute acceleration response
spectra were derived from the suite of synthe-
sized strong ground motion. By having a suite
of rupture scenarios of hazardous earthquakes
for a fixed magnitude and identifying the haz-
ard to the site from the one standard deviation
value of engineering parameters, we have
introduced a probabilistic component to the
deterministic hazard calculation.ons.

Green’s Functions

The basic premise in synthesizing with empiri-
cal and synthetic Green’s function is that each
offers the best accuracy over particular fre-
quency bands. Empirical Green’s functions are
defined here as recordings of effectively
impulsive point source events (Hutchings and
Wu, 1990). The empirical Green’s functions
have a better accuracy at high frequencies,
where geologic inhomogeneities are not well
modeled, and the synthetic Green’s functions



have better accuracy at lower frequencies,
where empirical Green’s functions do not have
sufficient energy. The overlap in this study is in
the range from 3 < f <5 Hz, where the geol-
ogy can be modeled with some accuracy and
the empirical Green’s function have sufficient
energy to be well recorded.

We computed synthetic Green’s functions
using the reflectivity code of Kennett (1983).
This solution extends to D.C., but does not
include near-field terms. Focal mechanism
radiation pattern is used for synthetic Green’s
functions solutions to the finite rupture. We
only considered solutions for frequencies
greater than 0.05 Hz (20 sec period), as lack of
near-field arrivals diminish the reliability of
solutions for frequencies lower than this. A
one dimensional velocity model was used for
the calculations.

Empirical Green’s functions should be
recorded at the site of interest and from source
events along the faults of interest, since site
response and near source propagation path
effects are highly variable. Empirical Green’s
functions include the actual effects of velocity
structure, attenuation, and geometrical spread-
ing. However, it is not possible to record
empirical Green’s functions from all locations
along a fault of interest and with the same
focal mechanism solution, so that source loca-
tions of empirical Green’s functions have also
been interpolated to fill in the fault. Figure 1
shows epicenter locations of source events
used for empirical Green’s functions. The lim-
ited locations of events that provide empirical
Green’s functions means that the site response
is primarily captured by the empirical Green’s
functions, and that propagation path effects
from locations to the south of the site area are
not captureed.The spatial dependence of
empirical Green’s functions has been

researched by Hutchings and Wu (1990) and
they found that the variability in ground
motion due to differences in source location
and/or focal mechanism solutions are much
less than that due to the site response, and
Hutchings (1991), Hutchings (1994), and Jarpe
and Kasameyer (1996) found that interpolation
for different source locations along a fault
works quite well. Also, it is not necessary to
have source events fall directly along the fault
of interest, but to be located near the fault. In
synthesis, we have the option of correcting for
different focal mechanism solutions, but
Hutchings and Wu (1990) and Jarpe and
Kasameyer (1996) found that for high frequen-
cies it does not improve the synthesis. Interpo-
lation is performed by correcting for
attenuation, 1/R, and P- and S-wave arrival
times due to differences in source distance. We
include the radiation pattern effect for low fre-
quencies, when we use synthetic Green’s func-
tions. The use for empirical Green’s functions
at each site (Kalogeras and Stavrakakis, 1996):

events (NAU) location moment
eventl 3843 21.75 9.0 0.794E+22
event2 38.16 21.76 9.0 0.891E+23
event3 38.34 21.85 9.0 0.100E+22
eventd 38.37 21.94 9.0 0.316E+23
events (XLC)

eventl 38.14 2256 9.0  0.562E+23
event3 38.16 22.62 9.0 0.316E+24
events (KOR)

event] 38.10 22.85 9.0 0.100E+22
event4 3791 23.15 9.0 0.316E+24

Corinth Earthquake Synthesis

A forward model of the Corinth earthquake is
calculated to test hypotheses about rupture
models, validate the methodology used in this
study, and to calibrate aftershock source
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Figure 2. Source rupture model for the
M=6.7, 1981 Corinth earthquake. Circle are
hypothesized asperity locations.

parameters. Stavrakakis et al. (1982) utilized

long period P-waves recorded by WWSSN sta-

tions in an iterative deconvolution to a model
for source complexity. This model is used here
to synthesize observed strong motion records
at site XLC (Figure 1, Table 1).

Observed surface faulting and the relocated
hypocenter (Jackson et al. (1982) is used to
constrain the source geometry for this earth-
quake. Figure 1 shows modeled surface fault-
ing from this study. The hypocenter is 38.099N
22.842W h=10.0 (star in Figure 1) from Jack-
son et al. (1982); the moment is 7.19x10%
dyne-cm, the focal mechanism solution is
strike N283°E, dip 44°, and slip vector rake -
72°, faulting duration is 9 seconds, and fault
dimensions are 15 km long by 15 km wide
from Jackson et al. (1982). Figure 2 shows a

2
t |
0 -
EfRg
<2 k
AXLb o
o o L
&+ L
»<_2 :
v
[1] -
24 b
X2 [ T lA y T T ]
1 E CREOTXLE000 -]
L0 .\,AVAIM,M"L ha J
il -:
*-2 T T T T T —
1 [~ MV':
S Y SRR VP ¥ TIPS PV
a4 F 4
-2 T T T T T — ]
1 F CREVXC.zzz
0 ~N~WWW)MW— .
g4 L ]
> _ C 1 1 s £ ]
2 1 il % —i
seconds from origin BP 0.2 50 hz

Figure 3. Observed (top) and synthesized
accelerograms (bottom) for three components.

fault rupture model that has an asperity distri-
bution similar to three principle asperities
identified by Stavrakakis et al. (1982). Accel-
erograms compared to observed records. The
asperities are at greater depth than proposed by
Stavrakakis et al. (1982) and the dip is shal-
lower, but considering the uncertainty in their
study this model probably fits. A rupture
velocity 0.75Vs was used. Figure 3 shows
observed and synthesized accelerograms. It is
evident that this model captures the amplitude,
frequency content and energy distribution of
the actual records. This model provided the
best fit accelerograms. Records are band
passed from 0.2 to 5.0 Hz. The frequency is
limited by the frequency range of the empirical
Green'’s functions.
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Figure 3. The AAR response curves for the 100 scenarios.

Gulf of Corinth Seismic Model

The NW-SE-trending seismic zone in the shal-
low crust of the Gulf of Corinth is modeled
here as capable of a magnitude 7.2 earthquake
(Mo = 7.01x10%® dyne-cm). Vita-Finzi and
King (1982) and jackson et al. (1982) propose
that the current active portions of the seismic
zone lie primarily north of the city of Corinth
(Figure 1). Surface faulting from recent earth-
quakes is observed in this area and this is sup-
ported by historical and archaeological data
(Vita-Finzi and King (1982).

Vita-Finzi and King interpret surface faulting
and morphological features to hypothesize the
existence of faults at depth (see their figure 7).
A continuous feature that extends the length of
the Gulf of Corinth and runs through the area
where surface faulting was observed from the
1981 events is selected as the surface expres-
sion of the fault to be modeled in this study.

We model rupture along an 80 km segment
(although this varies by +/- 10 km for multiple
runs).

Moment of aftershocks used as empirical
Green’s functions were determined from body-
wave magnitudes reported by Kalogeras and
Stavrakakis (1996) and the moment magnitude
relation of logMo = 1.5Mb + 15. The
moment magnitude relation was modified from
Hanks and Kanamori (1979) by matching
observed and synthesized records of the

=6.7 Corinth earthquake.

Synthetic Rupture Models

Our earthquake rupture models rely on moment,
fault geometry, hypocenter, rupture roughness,
rupture velocity, healing velocity, slip vector,
and asperity location. Moment and fault geom-
etry (extent of rupture and its orientation) are
held fixed, while the other parameters were
allowed to vary within limits. The fault rupture
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surface area was discretized into 0.01 Km? ele-
mental areas, which are small enough that
modeled rupture is continuous for frequencies
f <25.0 Hz. The rupture initiates at the hypo-
center and propagates radially at some fraction
of the shear wave velocity. We used the Kostrov
slip function to calculate the slip at a point; we
approximated the shape as a ramp. We arbi-
trarily limited the rupture propagation factor in
the Kostrov slip function to be equal to or less
than the rupture time to the closest fault edge
from the hypocenter. We used a computer pro-
gram that randomly varies independent rupture
parameters subject to the following constraints.
Other parameters are either fixed or calculated
from the rupture model.:

ASPERITIES are included to add high slip
amplitudes to portions of the rupture. Asperities
are circular and have a diameter randomly cho-

sen to be between 0.2 and 0.8 times the fault
width. The number of asperities is randomly
selected for each scenario. Stress drop in asper-
ity portions of rupture are higher than else-
where.

ROUGHNESS is simulated as elements resist-
ing rupture, then breaking. A percentage of
elements (0, 10, 20, 33, or 50%) have a short-
ened rise times 10-90% those of neighboring
elements, but with rupture completed at the
same time as neighboring elements. These
“rough” elements have corresponding high
stress drop.

MOMENT is constrained to be 7.0x10%¢ dyne-
cm for the total rupture, including asperities.
However, the moment of asperities is
randomly selected, subject to the constraint
that the maximum displacement is 5-10m.
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Figure 5. Histograms of number of
scenarios as a function of AAR at 1.0
second period

Rigidity (proportional to shear wave velocity,
except near the surface) diminishes near the
surface so that the moment contribution
diminishes. However, stress drop is also
modeled to diminish (discussed below), so
significant displacement can occur near the
surface, although not seismogenic.

HYPOCENTER was constrained to occur at
least 1 km from the fault ends, 2 km from the
lower limit of the fault, and at depth greater
than 7.5km. The limit at the lower portion of
the fault is because of the weakening in rigid-
ity as the aseismic zone is approached, and the
limit to greater than 7.5 km is due to the obser-
vation that past earthquakes originate at depth.

RUPTURE VELOCITY is randomly selected to
be from 0.75 to 1.0 times the shear wave veloc-

ity.

HEALING VELOCITY is the velocity for the
stress pulse that terminates slip. The healing
phase is initiated after the rupture arrives at any
fault edge. The free surface is not allowed to be

Figure 6. Estimation of the mean (dark
line) AAR at 1.0 s, its uncertainty, and
the individual AAR values.

a healing boundary for rupture, because signifi-
cant seismic pulses that are necessary to shut
down slip are not generated from the surface
(Das and Kostrov, 1985; Scholz, 1990). The
healing velocity is randomly selected to be
between 0.8 and 1.2 times the rupture velocity,
which is between the Rayleigh and shear wave
velocities.

RISE TIME is equal to the time it takes, after the
initiation of rupture, for the first healing phase
to arrive.

STRESS DROP is a dependent variable derived
from the Kostrov slip function and allowed to
vary due to three effects modeled in rupture.
Asperities and rough rupture are allowed to
have a different stress drop than surrounding
portions of the fault rupture (discussed above).
Also, stress drop is constrained to diminish near
the surface of the earth at the rate of 10 + 0.75 x
the confining pressure due to the lithostatic load
(300 bars at 1.7 km depth). The minimum of the
stress drop calculated using this constraint and



Figure 7. Slip distribution and fault geometry for models TAIO! (top) and TAI33 (bottom). The
location of the hypocenter is shown by the asterisk, and the location of the site (TCU128) is

shown by the triangle.

the full rupture stress drop is used.

SLIP VECTOR is constrained to 135° for equal
portions of reverse and right-lateral strike slip
fault motion.

Prediction Uncertainty

In the terminology of Abrahamson et
al.,1990), our prediction uncertainty has two
elements: 1) parametric uncertainty, which
arises from uncertainty as to which scenario
will occur, and (2) modeling and random
errors caused by not modeling the actual rup-
ture process correctly and by factors such as
uncertainties in moment estimates for empiri-
cal Green's functions and errors caused by

interpolation of source events along the fault
surface.

10

We estimated the parametric uncertainty by
generating a suite of time histories from 100
sets of independent parameters. We selected
these sets at random by assuming that the
parameters are uncorrelated and that each is
uniformly distributed through its allowed
range. Figure 3 shows the average (in log
space) of the absolute acceleration response
(AAR) spectra for the two horizontal compo-
nents calculated for each of the 100 parameter
sets. All these parameter sets represent earth-
quakes with the same moment and fault rup-
ture area, parameters that might be success-
fully anticipated in advance. As Figure 3
shows, a broad range of possible response
spectra could be generated from an event
whose moment and fault rupture area are fixed.



Jarpe and Kasameyer (1996) estimated the sec-
ond element of uncertainty, modeling and ran-
dom errors, by comparing computed and
observed records for the 1989 Loma Prieta
earthquake, whose independent parameters
were well determined. This error is unknown
for the site at NSY, but is assumed to be equal
to the one standard deviation value obtained by
Jarpe and Kasameyer (1996). The total source
uncertainty is characterized by adding the
parametric and “random plus modeling” stan-
dard deviation estimates (0.80 and 0.55 at 1
Hz) in quadrature. The mean and 84th percen-
tiles of the AAR distribution calculated in this
manner are given by the dark line in Figure 4.
The average peak acceleration is 0.29g, and
the plus one standard deviation value is 0.49g.

We examine the AAR data at a single fre-
quency (1Hz) to illustrate how the parametric
error can be estimated and how that estimate is
improved by calculating more scenarios. Fig-
ure 5 is a histogram of the natural logarithms
of the calculated values at that frequency. The
data are distributed normally in log-space with
a sample mean and standard deviation of -2.85
and 0.53, and they pass a xz test (Freund,
1962) for the log normal distribution. Figure 6
shows the evolution of the sample mean as a
function of the number of scenarios run. The
uncertainty in the mean is estimated from the
observed variability and number of points
used, approximating the data-distribution as
log-normal. A similar calculation was made

~ for the “84th percentile” represented by the
sum of the sample mean and sample standard
deviation. The uncertainty in the sum is esti-
mated by assuming the errors in the mean and
standard deviation are independent (Hald,
1952). Estimates of the mean and 84th percen

11

tile vary significantly with the number of sce-
narios, but the final estimates (for 100 scenar-
ios) always lie within the 1 ¢ bounds for the
estimate uncertainty, suggesting that the
approximate error model gives a useful esti-
mate of the uncertainty. The uncertainties
decrease significantly as more scenarios are
added. The uncertainty in the natural logarithm
of the mean decreased from 0.14 after 10 sce-
narios, to 0.05 (corresponding to approxi-
mately 0.003g) after 100. The bounds for the
84th percentile are about £.01g after 100 runs

Hazard

A methodology for identifying the ground
motion hazard to a site is to choose an accept-
able probability from the suite of hazards from
the 100 scenarios. If either the mean or +1c
AAR (50th or 84th percentile) is chosen to
identify the hazard, then time histories with
AAR near these values would represent the
hazard. It is not recommended to modify AAR
to match a “target” spectrum, because this
would effectively alter the rupture scenario and
may inadvertently generate a non-physical
model. Further, in non-linear structural analy-
sis more than one time history should be
selected. Rupture models GREO1 and GRE33
generated time histories that had AAR closest
to the mean and +1 o, respectively. Figure 7
shows the slip distribution and hypocenter for
these models. Figure 8 shows the time histo-
ries; the top three are the three components of
acceleration, the middle three are the same
records integrated to displacement, and the
bottom three are the displacement values.

Discussion

The hazard for a possible M=7.2 earthquake
along the Gulf of Corinth seismic zone was



predicted at three sites. The work presented
here is a demonstration of a methodology to
predict a range of ground motion hazard. This
allows for a probabilistic component in select-
ing the hazard for engineering design pur-
poses. From Figure 8, the model that most
closely matches the mean hazard shows peak
accelerations near 0.3g and durations greater
than 10 seconds. Figure 7 shows that this
ground motion is due to a fairly smooth rup-
ture model that does not include asperities.
The same model that most has peak accelera-
tions near 1.0g at XL.C and durations that are
similar to those of site NAU.

The methodology presented provides a means
to model all the physical effects of finite fault
rupture. The velocity records show a long
period “fling” due to fault-normal directivity
effects. Since station XIL.C is located directly
above a portion of the fault, one would also
expect a static offset left after the earthquake.
This is evident in Figure 8 displacement plots.

Empirical Green’s functions provided a means
to constrain the uncertainties due to geologic
inhomogeneities. However, the sensitivity of
the instrumentation was such that only fairly
large earthquakes (M>3.0) located nearby
were recorded, and could provide empirical
Green’s functions. To improve constraints on
geological effects at greater distances, lower
gain settings would have to be applied. Also,
the instrumentation noise level was such that
frequencies below about 5.0 Hz were not well
recorded. This necessitated using synthetic
Green’s functions for frequencies higher than
their expected reliability.
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